INTRODUCTION
Cost of feed represents the major portion of the expenses associated with production of feeder pigs. Quantity of feed required by the brood sow is determined primarily by her energy requirement for satisfactory reproduction. The committee on animal nutrition of the National Research Council (N.R.C.) in 1973 listed the energy requirement of the bred gilt and sow as 6,600 kcal of digestible energy (DE) or 6,340 kcal of ME daily. Estimated energy requirements during gestation have dropped 21% for gilts and 37% for sows since earlier estimations (N.R. C., 1959) . Much of the reported data on gestation feeding deals with varying feeding levels of a complete feed rather than specific energy levels (Baker et al., 1968 (Baker et al., , 1969 Brown and Tucker, 1966) or involves experiments with wide ranges of energy levels (Frobish et al., 1964; Elsey et al., 1968) above levels recommended now. The experiments reported herein were conducted to evaluate metabolizable energy levels for gestating sows at or below recommended levels during different seasons of the year.
EXPERIMENTAL PROCEDURE
Three trials involving 124 sow matings were conducted over a 1 1/2-year period to evaluate metabolizable energy levels for gravid sows. All sows were crossbreds of Hampshire, Yorkshire and Duroc breeding and were mated to Hampshire, Yorkshire, Duroc or Chester White boars. Allotment to experimental treatment groups was on the basis of age, ancestry and starting weight. Trial 1 utilized sows in their second and third parity. Sows which successfully completed gestation on any trial remained on the same treatment for the next trial. A limited 286 JOURNAL OF ANIMAL SCIENCE, Vol. 45, No. 2, 1977 number of gilts were fed each gestation energy level during trials 1 and 2 and used as replacements in trials 2 and 3. Data on gilt litters are not included. Trials 1 and 3 were summer trials where the sows were housed in 2.4 x 4.3 m wooden frame houses with concrete floors and a connecting 3.7 • 4.3 m concrete outside pen. In trial 2, a winter trial, the sows were in large, open, dirt pens with portable 2.3 x 3.7 m buildings with wooden floors. No bedding was used in the buildings for any trial.
The composition of the experimental diets, daily feeding levels and resulting energy intake are shown in table 1. The basal diet fed at 1.36 kg daily supplied 4,000 kcal of ME, 280 g of protein, 15 g of calcium and 10 g of phosphorus. Daily intakes of 5,000, 6,000 and 7,000 kcal of ME were obtained by adding .32 kg of corn starch for each additional 1,000 kcal of ME desired. Sows were fed individually once a day in divided feeding stalls. Water was provided ad libitum in all-weather waterers.
Before breeding, sows were allowed free access to a self-feeder for about 2 weeks to provide a flushing period. The sows were hand bred once when in full standing estrus and placed directly into the experimental pens. They were brought into the farrowing barn on the 110th day of gestation and placed either in farrowing crates or in farrowing pens with guard rails. Prior to farrowing, sows were fed about 3 kg of the lactation diet daily. Following farrowing, lactation feed was provided ad libitum. At parturition, number of live and still-born pigs as well as total litter weight and average pig weight were obtained for all litters. After a 21-day lactation period, live pigs, pig weights and sow weight changes were recorded. Since treatments were identical in all three trials, the trials were combined for statistical analysis and the data were analyzed by the least squares analysis of variance for unequal subclass numbers. Treatment effects were partitioned into single degree of freedom, linear, quadratic and cubic effects. Treatment and trial components were tested against the residual variance component. Correlation coefficients were obtained between random variables by standard multiple and linear regression methods. A probability level of less than .05 was the maximum level accepted as significant.
RESULTS AND DISCUSSION
The number of sows bred for each treatment group within each trial, the number that far- rowed and the percent of the sows bred that farrowed are shown in table 2. Of the 124 sows bred in the three trials, 101 or 81% farrowed. In all trials the highest percentage of exposed sows that farrowed was in the 7,000 kcal group. Four sows from the lower energy groups were removed from the test during the winter trial because of emaciated condition.
Sow Weight Change. Sow weight change during gestation and lactation are shown in table 3. Initial average weights for sows on all treatments were approximately equal. Weight gain to 110 days was significantly affected by energy level. A linear (P<.005) response was observed, with average gains of 14.9, 26.8, 39.8 and 35.5 kg for sows receiving 4,000, 5,000, 6,000 and 7,000 kcal of ME per day, respectively. These findings are in agreement with those found by Brown and Tucker (1966) (1973) . The greatest gain during gestation in all trials was obtained by sows receiving 6,000 kcal of ME. Sow weights at 110 days of gestation represented an average gain of 30 kg for all sows. During the two summer trials, average weight gains during gestation were 34 and 39 kg and during the winter trial gain was 16 kilograms. The average daily gain of .27 kg for sows on all treatments was within the range considered desirable (N.R.C., 1973). However, average daily gain for treatment groups within trials ranged from .05 kg per day for the low energy group in the winter to .57 kg per day for the 6,000 kcal group during the summer. These values were outside the N.R.C. desirable ranges of .15 to .30 kg per day. Parturition weight loss, which was obtained by weighing sows just before and after farrowing without allowing the pigs to nurse, was unaffected by treatment or trial. Parturition weight loss was correlated with number of live pigs born (r = .33) and litter birth weight (r = .45).
Weight changes during lactation were significantly different among treatments at 7, 14 and 21 days of lactation. There was a cubic response (P<.025) at 7 and 14 days and a quadratic (P<.05) and cubic (P<.025)response at 21 days. Seven-day lactation weight gain was significantly correlated with 14-day (r = .84) and 21-day (r = .76) lactation weight gain. No significant difference in weight gain was found during the second or third week of lactation. These findings indicate that the difference in lactation weight gain due to treatment occurred during the first week of lactation.
These data are in agreement with those of Baker et al. (1968, 1969) who reported a linear pattern of weight gain during gestation and weight loss during lactation. Dean and Tribble (1960) (92) 10 (100) 13 (100) 43 (96) apercent sows bred that farrowed are in parentheses.
bTbree sows on the 4,000 kcal treatment and one on the 5,000 kcal treatment became thin and emaciated and were removed from test. (1970) and Simoneaux and Thrasher (1971) also reported that sows that gain more during gestation lose more weight during lactation. This is further supported by the fact that sow l l0-day gestation gain was significantly correlated with 21-day lactation gain (r = -.46), indicating the tendency for sows that gained more during gestation to gain tess or lose more weight during lactation. Twenty-one day lactation weight gain was also correlated with number of live pigs at 21 days (r = -.31) and 21-day litter weight (r = -.35), suggesting that sows with larger litters and those which produced heavier litters utilized more body energy stores during lactation. Tribble (1960) , who fed energy levels to produce gains equal to or two-thirds of the N.R.C. recommended levels, and Mayrose et al. (1966) , who fed 1.8 and 2.7 kg daily of a high energy gestation diet, also found that lower energy levels produced larger litters. Of interest is the increased number of live pigs born and less stillbirths in the high energy treatment group during the winter trial, trial 2. While these differences cannot be entirely attributed to proper energy level, they do suggest that the 7,000 kcal level of ME was nearer the sow's energy requirement during the winter than during the summer. The number of live pigs born was significantly correlated with litter birth weight (r = .75), average pig birth weight (r = -.48) and sow weight after a 21-day lactation (r = -.38). Number of live pigs born had a very low correlation with gestation weight gain (r = .10). A correlation coefficient (r = .24) was found by Bowland (1964) when diet effects were removed from the analysis.
Although there were considerable differences among treatments and among trials, there were no significant differences in number of stillborn pigs or mummified fetuses at birth due to energy level. Number of stillborn pigs was significantly correlated with l 1 O-day gestation gain of the sow (r = .76), indicating increased gestation gain, regardless of energy feeding level, resulted in more stillbirths. Vermedahl et al. (1968) found more stillborn pigs from sows receiving 2.3 kg of a high energy ration than from those receiving 1.9 kg daily.
Energy level had a quadratic (P<.05) and cubic (P<.05) effect on litter birth weight. The heaviest average litter weight was produced in the 6,000 kcal group and the lightest in the 7,000 kcal group. The difference in average litter weight can be explained by the nearly two-pig difference in litter size at birth and nearly equal average birth weight.
A linear (P<.O05) increase in average pig birth weight was observed with increasing energy levels. In all trials average pig birth weights were greatest when sows received 6,000 or 7,000 kcal of ME per day. More live pigs resulted in lighter pigs at birth, as evidenced by a correlation coefficient of -.48 between average pig birth weight and number of live pigs born. Baker et al. (1969) and Janssen et al. (1973) reported that as litter size increased average pig birth weight decreased. Average pig birth weight and sow gestation gain were found to have a correlation coefficient of .25. Higher levels of energy produced higher average pig birth weights in experiments reported by Vermedahl et al. (1969) who fed sows 4,400 and 7,300 kcal of ME and Elsey et al. (1968) and Frobish et al. (1973) who fed ME levels ranging from 3,000 to 9,000 kilocalories.
Sow Weaning Performance. No statistical differences were observed in number of pigs weaned (table 4 ). An average of 8.1 pigs were weaned. Although not statistically different, fewer pigs were weaned from sows fed 7,000 kcal in two of three trials. However, there were also less live pigs farrowed by the sows in this group. The winter trial showed comparatively better results for 7,000 kcal of ME, indicating that this level is more correct in the winter than in the summer. Number of pigs weaned was correlated with number of live pigs born (r = .56) and litter birth weight (r = .61). These findings are in contrast with those found by Frobish (1970) who fed 3,200 and 6,000 kcal of ME and Buitrago et al. (1970) who fed 3,000, 6,000 and 9,000 kcal of ME during gestation. These authors found that feeding levels of 3,000 and 3,200 kcal resulted in smaller litters at weaning. However, the lower ME levels in their studies were 800 and 1,000 kcal less than the lowest level of 4,000 kcal used in this experiment. Gesell et al. (1964 ( ), Clawson et al. (1963 and Simoneaux and Thrasher (1971) are among those who found no relationship between gestation energy levels and number of pigs weaned with feeding levels that provided ME at levels higher than the lowest level in this experiment.
Seventy-one percent of all pigs born alive were weaned with no statistical differences among gestation energy levels. However, percent survival was correlated with average pig birth weight (r = .40) and number of stillborn pigs (r = -.36). Litter weight at weaning indicated a significant quadratic treatment effect, with sows fed 6,000 kcal of ME daily weaning the heaviest litters in all three trials and sows fed 7,000 kcal of ME weaning litters averaging slightly less than sows fed 4,000 kcal of ME daily. Twenty-one-day litter weight was significantly correlated with birth weight (r = .57), number of live pigs at 21 days (r = .88), percent survival of pigs at 21 days (r = .69) and average 21-day weight (r = .43) as well as sow lactation weight gain for 14 days (r = -.28) and 21 days (r = -.35).
Baker et al. (1968, 1969, 1970) found that 3,000 kcal of ME during gestation resulted in low weaning weights and that weaning weights increased as gestation energy intake increased up to the level of approximately 6,300 kcal of ME with no change beyond that level. The decrease in litter weight obtained in this trial from sows receiving 7,000 kcal of ME was due to the smaller litters at birth and at 21 days from this group. As with litter weight at weaning, average pig weight at weaning was significantly influenced by gestation treatment. A quadratic (P<.025) response was obtained, with the heaviest average weaning weights occurring within the 6,000 kcal group and within the winter trial. A direct relationship between gestation energy intake and average pig weaning weights was reported when feeding up to 3.2 kg daily of a high energy diet (Elsey et al., 1969; Elsey, 1968) and up to 9,000 kcal of ME (Buitrago et al., 1970) . The results of these studies indicate that 6,000 kcal of ME was the most optimum energy level among those studied. This level is the closest to the N.R.C. (1973) recommendations.
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